Semileptonic decays provide an excellent environment for testing the Standard Model (SM). Violation of lepton universality would be a smoking gun for physics beyond the SM. Using semitauonic B decays, LHCb finds a value of
Introduction to semileptonic B-decays
Semileptonic decays are abundant and provide an excellent environment for precision physics as they can be precisely predicted theoretically. The outstanding vertex resolution of the LHCb detector [1, 2] enables to carry out many exciting analyses involving semileptonic B decays. This article summarises two results from LHCb: a test of lepton universality in R(D * ) and the measurement of CP violation in B 0 s -B 0 s mixing, both of which use the 3.0 fb −1 dataset recorded in 2011 and 2012.
Testing lepton universality in R(D * )
In the Standard Model, the branching fractions B(B 0 → D * + τ − ν τ ) and B(B 0 → D * + µ − ν µ ) differ only due to the difference in lepton mass between the two decays. However, in many extensions of the SM, enhanced couplings to the third generation are predicted, in particular models containing charged Higgs bosons. The measurement of the ratio of branching fractions:
therefore tests this idea of lepton universality present in the SM, which predicts a value of R(D * ) = 0.252 ± 0.003 [3] . The τ − candidate is reconstructed as τ − →µ − ν µ ν τ , hence the signal channel has the same visible final-state as the control channel B 0 →D * + µ − ν µ [4] . The selection for both decays is similar which combines a muon and the D * + candidate that is reconstructed through D * + → D 0 (→ K − π + )π + . In addition to the signal and normalisation channel, also several background processes are selected, which are suppressed by exploiting kinematic and topological properties.
A multidimensional fit is performed to measure to signal, normalisation and background components. The variables used for the fit are kinematic variables which are most discriminating between the signal and normalisation channel. These are the missing mass squared, m 2 miss , the muon energy in the center-of-mass, E * µ , and the squared four-momentum of the lepton system, q 2 . Simulated distributions of the signal and normalisation channel of these variables are shown in Fig. 1 . The three-dimensional fit is performed using templates of the signal, normalisation, and background channels. Projections in m 2 miss and E * µ of the data and fits in the two highest bins of q 2 are shown in Fig. 2 . The shapes from the combinatorial and misidentified backgrounds are taken from data, while the physics background are modelled using control samples. The B 0 →D * + τ − ν τ is most visible in the highest q 2 bin. Candidates / (75 MeV) The LHCb measurement is R(D * ) = 0.336 ± 0.027(stat) ± 0.030(syst), which is the first measurement of a B to τ decay at a hadron collider. Fig. 3 (left) shows the LHCb measurement of R(D * ) and those performed by Belle [5, 6, 7] and BaBar [8] , which indicates consistency between the experimental results. Fig. 3 (right) displays the R(D) vs. R(D * ) measurements and the current theoretical predictions, indicating a 3.9σ discrepancy between theory and experiment. This could be explained by e.g. models containing an additional charged Higgs [9] .
Measuring CP violation in B 0
s -B 0 s mixing
Neutral mesons can oscillate into their own antiparticle through a second-order weak amplitude in a process called mixing. Since these processes are heavily suppressed in the Standard Model, they are sensitive to new physics. This analysis concerns the measurement of the CP violation in mixing of B 0 s mesons, which occurs when
The amount of CP violation in mixing can be measured using flavour-specific decays, of which the final state f indicates whether the B decayed as a B 0 s or B 0 s . The flavour-specific asymmetry, a fs , is defined as: [13] . In their dimuon measurement, D0 has found a discrepancy of a combination of a s sl and a d sl with respect to the SM value of 3σ [14] .
To measure a s sl in LHCb, the inclusive semileptonic decay B 0 Fig. 4 (right) .
The asymmetry in the signal yields is the raw asymmetry, A raw , which is defined as:
To measure a s sl , this asymmetry needs to be corrected for the detection asymmetries, A det , and the asymmetries from peaking backgrounds. These are the production asymmetries from B decays that peak in the D − s mass and called A bkg , while the fraction of these backgrounds is f bkg . a s sl can then be determined as follows:
3)
The detection asymmetries arise from a difference in reconstruction efficiency between positively and negatively charged particles, and can be split in tracking, trigger and particle identification asymmetries. All of those are measured using data-driven methods. As the largest systematic in the previous measurement of a s sl was that of the tracking asymmetry, the current analysis uses two different methods to determine these and the combination of these two is shown as a function of π momentum in Fig. 5 (left) .
The latest LHCb measurement of a s sl uses the full 3.0 fb −1 of the Run 1 dataset and measures a s sl = (0.39±0.26±0.20)%, where the first uncertainty is statistical and the second systematic [15] . The result shown in the overview plot in Fig. 5 together with the measurements of a s sl and a d sl from D0 [16, 17] , BaBar [18, 19] and Belle [20] . It is consistent with the Standard Model prediction and does not confirm the discrepancy arising from the D0 dimuon analysis [14] . 
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Magnet up [14] , while the points with error bars show the individual measurement of a s sl or a d sl from LHCb [15, 21] , BaBar [18, 19] , Belle [20] , and D0 [16, 17] . The green bands are the averages of a s sl and a d sl .
Conclusion
This article presents two semileptonic measurements from the LHCb collaboration. The R(D * ) measurement provides a test of lepton universality and measures a value of R(D * ) = 0.336 ± 0.027(stat) ± 0.030(syst), which is 2.1σ larger than the value expected from the Standard Model. The a s sl analysis measures CP violation in mixing of B 0 s -B 0 s mesons and finds that a s sl = (0.39 ± 0.26(stat) ± 0.20(syst))%, which is the most precise measurement of CP violation in the B 0 s system to date and is consistent with the SM value.
